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INTRODUCTION 


THE study of fish eggs and their development, specially those of the econo- 
mically important marine fishes, has received considerable attention in 
recent years on account of its bearing on the understanding of the spawning 
season, breeding grounds and such other problems relating to the biology 
of fishes. It is well known that a knowledge of these aspects of the biology 
of food fishes is an essential pre-requisite for the proper management and 
exploitation of the marine fishery resources. While considerable advance 
has been made in this direction in temperate countries during the last half 
a century, very little is known about the eggs and larve of tropical marine 
food fishes except for the work of Delsman who elucidated the early life- 
histories of a numoer of fishes of the Java Sea. 


* Present Address : Central Marine Fisheries Research Sub-Station, Calicut. 
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Practically very little work has been done in this direction on the food 
fishes of the Madras Coast. Hornell (1923) and Nayudu (1923) gave a 
brief account of the spawning habits, eggs and embryonic development of 
the flying fish, Cypsilurus. Job and Jones (1938) described the embryonic 
and larval development of the garfish, Ty/osurus strongylurus. John (1944, 
Abstract) studied the eggs and developmental steges of Clupea leiogaster, 
Stolephorus sp., Engraulis sp. and Solea humilis. Even though this work 
was completed in 1936 and forms an important contribution in this field, 
the full paper has not so far been published.* 


The present paper deals with some of the pelagic fish eggs obtained 
from the regular plankton collections made from the coastal waters of Madras 
and from the brackish waters of Cooum and Adyar within the zone of tidal 
influence when they were in communication with the Sea, and their subse- 
quent development in the Laboratory. The live fish eggs from the townet 
ccllections were transferred to aquaria containing clean sea water and the 
sequence of embryonic and larval development was studied in detail. It was 
found that despite every precaution taken with the facilities available in the 
‘Laboratory, the larve did not survive the critical transition period extending 
from the stage at which the yolk is completely absorbed until they are able 
to feed independently. This difficulty has been experienced by almost all 
the workers in other countries as well. The early stages in the development 
alone are, therefore, given in this paper. The measurements of the eggs 
were taken in the living condition while those of the larve immediately 
after fixation. 


The eggs described in this paper have been assigned to respective genera 
based on the broad diagnostic characters given by Delsman of the eggs and 
larve of the different genera of fishes which have a wide distribution in the 
Indo-Pacific region and also taking into consideration the relative abundance 
of the varieties of eggs and species of fishes on different days and the 
gonadia! condition of the common fishes. The rapid development of the 
eggs under tropical conditions makes it possible by such a method, espe- 
cially if the eggs are in the early stages of embryonic development, to deter- 
mine accurately their identity at least up to the genus. It is not until 
sustained work is carried out on the fish eggs in Indian waters simultaneously 
with a comprehensive survey of the fish fauna of the respective areas would 
it be possible to arrive at the specific determination of most of the eggs or 
to study the life-history of the numcrous fishes of our Seas. 


* John’s paper was published in the Journ. Zool. Soc. India, Vol. 3, No. 1, June 1951, 
when the present paper was in the course Of publication. 
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THRISSOCLES 


Egg.—The eggs of Thrissocles occur in the Madras plankton during the 
months December and January. They are spherical with a diameter of 
0-92mm. The yolk is clear and segmented without any oil globule (Fig. 1). 
In the earliest stage obtained, the embryo is fairly advanced in develop- 
ment with the myotomes distinct and the tail region free from the yolk mass. 





Fic. 1. Egg of Thrissocles, x 50. 


The eyes and the auditory vesicles are well developed. The heart has begun 
to function. The embryo performs occasional jerking movements inside the 
egg membrane. 


Newly Hatched Larva.—The larve hatched out during the night and the 
next morning they were observed to rest at the bottom of the aquarium 
head downwards darting away when disturbed. They have also been 
observed to swim by the undulating movement of the body. The larve 
measure 4:5mm. in length. The segmented yolk tapers posteriorly 
(Fig. 2). The rudiment of the pectoral fin is seen above the middle of the 
yolk. The alimentary canal is very long and the anus opens below the 
thirtieth myotome. Post-anal myoiomes are not quite clear and as such 
the determination of their number in the newly hatched larve is difficult. 
The muscle fibres have the characteristic crossed arrangement of the clupeoids 
as observed by Delsman (1929). The fin-fold is continuous and entire. 


The larve are perfectly transparent and are devoid of chromatophores. 


One-Day Old Larva.—The one-day old larve were very active, moving 
about at the bottom of the aquarium in a characteristic serpentine manner. 
Unlike the other fish larve studied, there is considerable increase in size 
particularly in length (Fig. 3). They measure now 5-45 mm. in Jength. No 
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other important changes have taken place in the larve. The auditory vesicles 
and the pectoral fin rudiments have grown larger in size. There is only a 
slight reduction in the size of the yolk mass. The myotomes are distinct 
and thirty pre-anal and thirteen post-anal myotomes could be made out. 
Indications of the caudal fin rays are seen in this stage. 


But for the very faint brown colouration of the eyes, the larve remain 
perfectly transparent and without pigmentation. 














Fic. 2. Newly hatched larva of Thrissocles, x 30. Fic. 3. One-day old larva of Thrissocles, x 30. 
Two-day old larva of Thrissocles, x 20. 


Two-Day Old Larva.—The two-day old larve have been observed to 
swim very actively pecking at the sediments at the bottom of the aquarium. 
The larve measure 5:55mm. in length. The mouth has formed with 
prominent jaws (Fig. 4). The auditory vesicles are larger in size. The eyes 
have assumed the adult silvery colouration. The pectoral fins have also 
grown but no indications of the rays are seen in this stage. The yolk is 
almost completely absorbed. The caudal fin rays are prominent. The 
postericr half of the alimentary canal where the transverse folds appear 
later, has enlarged. 
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Black chromatophores have appeared along the entire length of the 
alimentary tract without any regularity in their arrangement. The larve 
remain transparent and could be easily located in the aquarium by the 
silvery colouration of the eyes. 


Wenckebach (1887) and Nishikawa (1901) who have worked out the 
development of the European and the Japanese anchovies, namely, 
Engraulis encrasicholus and Engraulis japonicus respectively, have shown that 
the eggs of both the species have an elongated shape and are without oil 
globules. Delsman (1929 and 1931) has shown that the eggs of the Indian 
species of Thrissocles are round and that the elongated nature of the eggs is 
found only in the closely related genus Anchoviella. 


ANCHOVIELLA I 


Egg.—This type of Anchoviella eggs is very common in the Madras 
plankton during December and January and could be easily distinguished 
by its elongated shape and by the presence of a single shining oil globule 
in the yolk. The eggs measure 1-3 mm, in length and 0-53 mm. in breadth. 





Fia. 5. Egg of Anchovielia |, x 70. 
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The yolk is transparent and segmented with a small oil globule situated at 
the posterior end (Fig. 5). In the earliest stage obtained, the embryo is 
fairly well advanced in development, though the eyes and the auditory 
vesicles have not yet fully formed and the heart has not begun to function. 


Newly Hatched Larva.—The larve had hatched out by the next morning 
and were observed to float at the surface of the water head downwards, 
moving away when disturbed. The larve which are transparent measure 
3-45 mm. in length. The oil globule is located at the posterior end of the 
tapering yolk mass (Fig. 6). The formation of the pectoral fin is seen above 
the yolk mass as a small prominence. The alimentary canal which is long 
opens to the exterior below the twenty-ninth myotome. The myotomes 
are clearly seen and‘about forty-three of them are present in the newly 
hatched larve. The -muscle fibres show the usual crossed arrangement. 
The fin-fold is entire with a depression at the region of the anal opening. 


The larve are without chromatophores. 




















Fic. 6. Newly hatched larva of Anchoviella 1, x 30. Fic. 7. One-day old larva of 
Anchoviella 1, x 30. Fic. 8. Two-day old larva of Anchoviella 1, x 30. 














Studies on some Fish Eggs and Larve of the Madras Plankton 187 


One-Day Old Larva.—tn the one-day old larve there is no increase in 
length. The yolk mass has considerably diminished in size and its seg- 
mented nature is no longer visible (Fig. 7). The oil globule has disappeared. 
The eyes have become pigmented and are jet black in colour with a light 
green sheen. The mouth has formed. The pectoral fins have grown 
bigger in size. The caudal fin rays are seen in this stage. There is no other 
change in the larve and they remain transparent and unpigmented except for 
the colouration of the eyes. 


Two-Day Old Larva.—The two-day old larve are very active and 
could be seen swimming in the water all the time. The length has not 
increased but the yolk has completely disappeared and the auditory vesicles 
and the pectoral fins have grown larger in size (Fig. 8). The caudal fin rays 
are prominently seen in this stage. The posterior half of the alimentary 
canal has widened. The eyes have assumed the silvery colouration of the 
adult. 


Stellate light black chromatophores have appeared in the larve and 
two or three such pigment cells are present in the anterior region of the base 
of the dorsal fin-fold. On the ventral side, these chromatophores are 
arranged along the alimentary canal and in a line at the base of the post- 
anal fin-fold. One or two similar chromatophores are present on the head 
below the auditory vesicles. 


ANCHOVIELLA Ii 


Egg.—A second type of Anchoviella eggs also occurs in the Madras 
plankton during the months December and January, along with Type I, 
but in lesser numbers. This type is easily distinguished from the previous 
one by the smaller size and by the abserice of the oil globule. These eggs 
are also elongated in shape with a length of 1-1 mm. and a width of 0-52 mm. 
The eggs are transparent with a clear segmented yolk (Fig. 9). In all the 
eggs collected the embryos are well formed showing distinct myotomes with 
the tail portion free from the yolk mass. The eyes and the auditory vesicles 
are seen distinctly. 


Newly Hatched Larva.—The larve had hatched out the next day and 
were seen floating in the water with the head directed downwards. The 
larve measure 3-4mm. in length. Here also the clear segmented yolk 
tapers posteriorly (Fig. 10). The rudiment of the pectoral fin is seen in the 
newly hatched larve. As in the previous type the alimentary canal is long 
and straight and the anus opens below the twenty-ninth myotome. Forty- 
three myotomes are present in the larve. The muscle fibres of the myotomes 
show the crossed arrangement, The fin-fold is continuous and entire, 
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Fic. 9. Egg of Anchoviella Il, x 70. 
The larve are unpigmented without any chromatophores. 


One-Day Old Larva.—The one-day old larve have not increased in length. 
The yolk mass is almost completely absorbed and only a small remnant of 
it is seen in this stage (Fig. 11). The eyes have become jet black. The 
mouth has formed and the pectoral fins have increased in size. The caudal 
fin rays are seen faintly. 


Unlike the previous type, the pigmentation has appeared even in the 
one-day old larve. This is in the form of black stellate chromatophores 
arranged along the alimentary tract and in a series along the ventral side 
behind the anus. 


Two-Day Old Larva.—\n the two-day old larve no increase in length 
has been observed. The yolk is completely absorbed (Fig. 12). The mouth 
is prominent. The auditory vesicles have grown larger in size, so also the 
pectora! fins. The caudal fin rays are seen distinctly. Enlargement of the 
posterior half of the alimentary canal has taken place. The eyes have 
assumed the adult silvery colouration. 


There is no appreciable difference in the pigmentation of the larve from 
that of the previous stage, 
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Fic. 10. Newly hatched larva of Anchoviella Il, x 30. Fic. 11. One-day old larva of 
Anchoviella Il, x 30. Fic. 12. Two-day old larva of Anchoviella Il, x 30. 

The elongated shape of the egg is seen in the European and Japanese 
species of Engraulis and Anchovia (Kuntz, 1913). It has been shown by 
Delsman (1931) that the elongated eggs found in the plankton of the Indian 
Seas may all prove to belong to the genus Anchoviella. Therefore, the two 
types of eggs dealt with in this paper have been referred to this genus. The 
elongated shape of the mature ovarian eggs of Anchoviella gives additiona! 
evidence in support of this assumption. Anchoviella tri is one of the 
commonest species of the Madras Coast (Moses, 1923) and Delsman has 
shown the presence of a single oil globule in the eggs of this coastal species. 
It is possible that Type I may belong to Anchoviella tri. Based on Delsman’s 
conclusions, it may be stated that Type II belongs to a species of Anchoviella 
found in the open Sea rather than along the Coast. 


CYNOGLOssus I 


Egg.—This type of Cynoglossus eggs is very common in the Madras 
plankton during December and January. The eggs are spherical with a 
diameter of 0-6 mm, A number of oil globules are present in the clear and 
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unsegmented yolk (Fig. 13). They are of different sizes and their number 
varies from sixteen to thirty. In all the eggs collected, the embryos are well 
developed showing the myotomes, the eyes, the auditory vesicles and the 
Kupffer’s vesicle distinctly. The heart is also functional. 





Fic. 13. Egg of Cynoglossus 1, x 70. 


Newly Hatched Larva.—The next morning the newly hatched larve 
were observed to rest at the bottom of the aquarium, the slightest dis- 
turbance making them dart from place to place. They measure 2-35 mm. 
in length. The oil globules are crowded near the basal portion of the yolk 
(Fig. 14). The myotomes are distinct and about fifty-five are present in 
the larve. The short alimentary canal opens to the exterior below the 
twelfth myotome. The fin-fold is continuous and entire with a depression 
at the region of the anus. 


The larval pigmentation is conspicuous and is confined to certain 
definite regions. Yellow branching chromatophores are present on the 
eyes and on the dorsal surface of the yolk mass. On the body similar 
chromatophores are concentrated in five groups. The first group is on a 
level with the centre of the yolk mass, the second above the anal opening 
and the remaining ones are equidistantly arranged along the post-anal 
portion of the body. The last group of chromatophores is the largest in 
size. The fin-fold is free from chromatophores. 


One-Day Old Larva.—The next day, the larve have grown in size and 
measure 3 mm. in length. The yolk has dwindled in size and the fate of the 
oil globules could not be observed owing to the intense covering of the yolk 
mass by yellow chromatophores (Fig. 15). The pectoral fin has developed 
above the yolk mass and is small in size. Caudal fin rays have formed. No 
other important changes are seen in the larve. 
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Pigmentation in the one-day old larve is more pronounced because 
of the intensification and ramification of the yellow chromatophores. parti- 
cularly in the last three groups of pigment cells. The inner side of the eye 
is also densely pigmented. The yolk mass is completely covered with yellow 
chromatophores amidst which are found black stellate chromatophores. 
Similar black chromatophores are present arranged in a line along the ventral 
side of the middle third of the body, the chromatophores being placed equi- 
distant from one another. 


Two-Day Old Larva.—The two-day old larve are very active and there 
is no increase in length. The yolk mass has become very small (Fig. 16). 
The auditory vesicles have grown larger in size. The mouth has formed. 
In this stage, the characteristic coil of the alimentary canal has taken shape 
behind the yolk mass and the vent is situated below the eighth myotome. 
At the origin of the dorsal fin-fold a tentacle is in the course of formation 
with about three faint rays in it. The pectoral fins have become larger in 
size. The caudal fin rays are seen prominently in this stage. 


There is very little change in the pigmentation. A few black chromato- 
phores have appeared anterior to the eyes and on the ventral side of the head. 
The tentacle is pigmented deeply with yellow chromatophores amidst which 
are present a few black stellate chromatophores. The eyes are completely 
covered with yellow chromatophores. There is a tendency for the chromate- 
phores of the groups on the body to disappear, particularly in the middle 
ones. 


Three-Day Old Larva.—In the three-day old larve, very few changes 
have taken place. The larve are of the same length. The yolk mass has 
almost disappeared (Fig. 17). A few oil globules have been noticed tu 
persist in this stage. They are rendered visible by the almost complete dis- 
appearance of the dense enerusting pigment cells. The tentacle has become 
prominent in this stage. The pectoral fins have grown to their full size but 
the rays are not yet differentiated. The eyes have assumed the adult silvery 
appearance. 


The prominent yellow colouration has faded considerably, this fading 
being more pronounced in the anterior region where only a few chromaito- 
phores still remain over the yolk mass and on the dorsal side of the posterior 
extremity of the alimentary canal. Even the two posterior pigment groups 
persisting in the three-day old larve have begun to show signs of dis- 
integration. 

Four-Day Old Larva.—No appreciable change has been observed in 
the four-day old larve, There is no increase in length, The yolk mas, 
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Fic. 14. Newly hatched larva of Cynoglossus 1, x 45. Fic. 15. One-day old larva of 
Cynoglossus 1, xX 30. Fic. 15. Two-day old larva of Cynoglossus 1, x 30. Fic. 17. 
Three-day old larva of Cvnoglossus 1, x 30. 
and the oil globules have completely disappeared. The tentacle has grown 
considerably longer and is very prominent in this stage (Fig. 18). Three 
to four rays are seen extending throughout its length. 


The pigmentation has almost disappeared in some of the specimens 
where only the posterior group of chromatophores and a few scattered 
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Fic. 18. Head region of the four-day old larva of Cynoglossus 1, x 45. 


chromatophores along the alimentary canal are present. The pigmenta- 
tion of the tentacle remains unchanged and it forms a conspicuous part of 
the larve. 

CynocLossus II 


Egg.—This type of Cynoglossus egg is very rare in the Madras plankton 
and occurs during the months December and January. These eggs are large 
and spherical with a diameter of 0-83mm. The yolk is clear and un- 
segmented with a large number of differently sized golden yellow oil globules 
varying in number from forty to fifty (Fig. 19). In the few eggs collected, 
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hree Fic. 19. Egg of Cynoglossus Ul, x 70. 


the embryo is in an advanced stage of development with the eyes and the 
auditory vesicles prominent and the heart functioning. 
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Newly Hatched Larva.—The larve had hatched out by the next morning 
and were quite inactive resting at the bottom of the aquarium. The larve 
measure 2:8 mm. in length. The yolk mass is elongated in shape with the 
oil globules arranged in the basal region (Fig. 20). The auditory vesicles 
are small. The alimentary canal is short and the anus opens below the 
thirteenth myotome. The myotomes are very clear and about thirty-two 
of them are present in the newly hatched larve. The fin-fold is continuous 
and entire. 


The pigmentation is feeble and the chromatophores are spread more 
or less uniformly over the surface of the larve. The border of the fin-fold 
contains numerous highly branched brown chromatophores distributed 
uniformly. Black stellate chromatophores are present on the body and 
on the yolk mass without any regularity in their disposition. 


One-Day Old Larva.-The one-day old larve have grown slightly longer 
and measure 2:95 mm. in length and have been observed still resting at the 
bottom of the aquarium moving away only when disturbed. The yolk 
mass is reduced considerably as a result of which the posterior portion of 
the alimentary tract is prominent in this stage (Fig. 21). There is no indi- 
cation of the formation of the mouth. The pectoral fin rudiment has 
appeared above the yolk. 
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Fic. 20. Newly hatched larva of Cynoglossus Il, x 30. Fic. 21. One-day old 
larva of Cynoglossus Il, x 30. 


There is a slight intensification of the brown chromatophores parti- 
cularly along the margin of the fin-fold. Highly branching brownish black 
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chromatophores have appeared on the fin-fold in small numbers. The 
caudal region of the larve is almost free from chromatophores. 


The subsequent stages have not been obtained owing to the rarity of 
the eggs in the plankton collections. 


Originally the two types of eggs described above were doubtfully 
referred to the genus Solea, since this was the only known genus the eggs 
of which possess a large number of oil globules (Ehrenbaum, 1909). Subse- 
quent studies on the eggs, larval development and metamorphosis of the 
flat-fishes of the West Coast where they contribute to an important fishery, 
have shown that the eggs of Cynoglossus also possess numerous oil globules 
in the unsegmented yolk. These investigations have also brought to light 
that the tentacle is not developed in the larva of Solea while it forms a charac- 
teristic larval feature of Cynoglossus. These findings clearly show that the 
eggs belong to Cynoglossus, a common flat-fish of the Indian waters. 


CARANX 


Egg.—The eggs of Caranx are very common in the Madras plankton 
during December and January. The eggs are perfectly spherical with a 
diameter of 0-68 mm. The unpigmented yolk is segmented showing large 
vacuoles (Fig. 22). There is a single large oil globule covered by yellow 





Fic. 22. Egg of Caranx, x 70. 


ramifying chromatophores. Deep black pigment cells are concentrated at 
the base of the oil globule. The embryo in the eggs collected is well deve- 
loped with the tail region free from the yolk. Twitching movements are 
performed by the tail of the embryo. The eyes and the auditory vesicles 
are distinct as also a functional heart. 
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The embryo is pigmented with yellow chromatophores. On the head 
the stellate pigment cells are few in number. The chromatophores of the 
body and the tail region do not branch conspicuously and the pigmentation 
is slightly more intense in the latter region. 

Newly Hatched Larva.—The next morning the larve had hatched out 
of the eggs and were observed to rest at the bottom of the aquarium with 
the head downwards. The larve measure 2:5mm. in length. The seg- 
mentation of the yolk mass is not visible in the newly hatched larve (Fig. 23). 
The oil globule is situated at the posterior end of the yolk mass. There is 
no indication of the formation of the mouth or the pectoral fins. The ali- 
mentary canal is short and opens to the exterior below the fifteenth myctome. 
The myotomes are clear and about thirty-four are present in this stage. The 
fin-fold is continuous and entire with a depression at the region of the anal 
opening. 

The larve are prominently pigmented. The inner side of the eye is 
covered with highly branched yellow chromatophores. Similar chromato- 
phores are present on the body arranged in six groups of which the fourth 
is the most prominent. The oil globule is also covered completely with the 
same type of pigment cells. A few black chromatophores are found 
scattered along the body. 


One-Day Old Larva.—The one-day old larve show very little increase 
in length as they measure only 2:7 mm. The yolk mass has diminished in 
size considerably. The oil globule persists, but is smaller in size (Fig. 24). 
The pectoral fin has formed but there is no indication of the formation of 
the mouth. The caudal fin rays are seen faintly. No other important 
changes are seen in this stage and the pigmentation also remains unchanged. 


Two-Day Old Larva.—In the two-day old larve there is no increase in 
length. The yolk has completely disappeared and its position is indicated 
by the few chromatophores which were present on the yolk mass (Fig. 25). 
The auditory vesicles and the pectoral fins have grown larger in size. The 
mouth has formed. The caudal fin rays are prominently seen in this stage. 
The eyes have become black in colour. There is a tendency for the general 
pigmentation to fade in the two-day old larve. 


The segmented nature of the yolk and the black and brown pigmenta- 
tion of the oil globule and the embryo are characteristic features of carangoid 
eggs (Delsman, 1926). The egg described here has, therefore, been referred 
to the genus Caranx. Further support is given by the fact that the eggs have 
been noted to occur in the plankton on days when these fishes are common 
in the fishermen’s catches. 
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Fic. 23. Newly hatched larva of Caranx, x 30. Fic. 24. One-day old larva of 
Caranx, X 30. Fic. 25. Two-day old larva of Caranx, x 30. 


SAURIDA 


The eggs of Saurida are very rare in the Madras plankton occurring 
only in some of the collections made during the months December and 
January and less frequently in the collections of September. These eggs 
are easily distinguished from the other planktonic eggs by the presence of 
a network of fine hexagonal meshes on the outer surface of the egg membrane 
(Fig. 26). The hexagonal meshes project in the form of ridges which are 
easily seen when viewed from the side (Fig. 27). The eggs are perfectly spheri- 
cal with a diameter of 1-02 mm. They are transparent without any pigment 
or oil globule. The yolk is clear and unsegmented and fills practically the 
entire space inside the egg membrane (Fig. 28). The embryo in the eggs 
collected is in the very early stage of development indicating that they were 
probably liberated during the early hours of the morning. Unlike the other 
pelagic fish eggs, the development of the eggs of Saurida is very slow. The 
network of ridges on the egg membrane affords additional protection to the 
egg which is necessitated by the longer time taken for the development of 
the embryo. 
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26 


Fic. 26. Portion of the sculpturing on the surface of the egg of Saurida, x 180. 





Fic. 28. Egg of Saurida, x 50. Fic. 29. Egg of Saurida, Second day, x 50. 


Second Day.—The embryo is fairly large and occupies nearly two- 
thirds the circumference of the yolk mass (Fig. 29). The eyes and the 
auditory vesicles have formed. The heart has begun to beat very slowly. 
The myotomes are clearly differentiated. A few black unbranched chromato- 
phores scattered over the embryo have appeared. The yolk mass has 
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diminished in size and wide spaces have formed in the anterior and posterior 
regions. Very slow movements are performed by the embryo in this stage. 


Third Day.—The embryo has grown larger in size and encircles the yolk 
mass completely (Fig. 30). The pectoral fins have formed as rounded buds 
in the anterior region. There is an increase in the number of chromato- 
phores. The yolk mass has become smaller than in the previous stage. The 
heart pulsates rapidly and the larva performs occasional movements inside 
the egg membrane. 


Fourth Day.—The embryo has almost completed the full growth and lies 
curled up inside the egg membrane (Fig. 31). The pectoral fins have grown 





Fic. 30. Egg of Saurida, Third day, x 50. Fic. 31. Egg of Saurida, Fourth day, x 50. 


bigger and are flap-like in appearance. Faint indications of the caudal fin 
rays are present and there is a concentration of black chromatophores in 
the caudal region. The yolk mass is reduced considerably in size. The 
embryo is very active and performs rapid movements inside the egg mem- 
brane changing its position frequently. 


The next morning the larve were seen to have escaped from the egg 
membranes but were lying in a dead and decomposing condition very 
probably because of the attacks of ciliates which had made a convenient 
shelter of the hexagonal meshes of the egg membrane. 


Pelagic eggs with hexagonal meshes on the surface of the egg membrane 
are not rare; species of Callionymus, Synodus, etc., are known to have such 
eggs. Raffaele (1888) has shown that the egg membrane of the ovarian eggs 
of Saurus lacerta has a similar structure. Delsman (193%) has described 
two types of such eggs with the suggestion that they might belong to Saurus 
and (or) Saurida. At the same time he has pointed out that Saurida 














200 R. VELAPPAN NAIR 


tumbil is the commonest of all the species of lizard-fishes in the Java Sea. 
Since the two types of eggs which he has described are equally common, he 
could not decide which of the two types of eggs belongs to Saurida tumbil. 


In the Madras Coast Saurida tumbil is very common and Moses (1923) 
mentions only this fish under the Family as common during January and 
February during the north-east monsoon and in August and September 
during the south-west monsoon. Only one type of hexagonally sculptured 
eggs has been observed in the Madras plankton and as such this egg could 
be assigned to Saurida tumbil. Support is given for this assumption by the 
similarity between the eggs of the Madras plankton and Egg A described 
by Delsman from the Java Sea particularly in the size of the egg and the 
pigmentation of the embryo. Further, the time of occurrence of the eggs 
in the Madras plankton is also identical with that of the adults in the fisher- 
men’s catches along the Madras Coast. 


A PELAGIC SPAWN MASS 

The occurrence of pelagic spawn masses of marine fishes in the Madras 
plankton is an unusual phenomenon and to my knowledge no such spawn 
mass has been so far collected from this Coast during the last ten years, A 
large spawn mass, having a general resemblance to a molluscan spawn mass, 
was collected in the townet on the 21st September 1945. The spawn mass 
is perfectly transparent, ribbon-shaped and measures about a metre in 
length, 15cm. in width and 15 mm. in height (Photograph 1). The entire 
outer surface of the spawn mass is finely sculptured with a hexagonal 
network which has a shining appearance (Fig. 32). Numerous capsules are 
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Fic. 32. Portion of the sculpturing on the surface of the spawn mass, x 300, 
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present inside the jelly-like material of the spawn mass. The capsules also 
have a hexagonal shape and are arranged in a single layer only. Each 
capsule encloses two to four and rarely five eggs (Fig. 33). The eggs are 





Fic. 33. A portion of the spawn mass, x 24. 


oval in shape measuring 0-62mm. in length and 0-52mm. in width 
(Fig. 34). The yolk is very clear, transparent and unsegmented in this stage. 
The blastoderm occupies one end of the oval yolk mass and is slightly opaque. 
The yolk mass touches the egg membrane on the sides, but a little space is 
present at the anterior and posterior ends. Judging from the stage of 
development of the blastoderm, the spawn mass must have been laid on the 
night of 20th September 1945. The spawn mass was reared in the aquarium 
to study the subsequent developmental stages. 


Second Day.—The eggs have assumed a perfectly spherical shape with 
the embryos in a well advanced stage of development and occupying nearly 
half the circumference of the yolk mass (Fig. 35 and Photomicrograph 2). 
The eyes have formed. The myotomes are distinct and ten are clearly seen 
in this stage. A fairly large Kupffer’s vesicle is present on the ventral side 
of the embryo at the posterior end. The larva and the yolk mass are trans- 
parent without any pigmentation. The yolk in this stage is segmented 
clearly and the pattern of vacuolation reminds one of the clupeoid eggs, 
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Fic. 34. Egg from the spawn mass, x 70. Fic. 35, Egg from the spawn mass, 
Second day, x 70. 





36 
Fic. 36. Egg from the spawn mass, Third day, x 70° 


Very little space is present all round the yolk mass and owing to the growth 
of the embryo a fairly wide space has formed at the anterior region of the 
egg. ? 

Third Day.—The embryo has grown longer and occupies nearly three- 
fourths the circumference of the yolk mass (Fig. 36). The auditory vesicles 
have formed. The heart has begun to beat very faintly. No movement 
of the embryo is seen in this stage. Anteriorly the egg membrane gets 
stretched consequent on the growth of the embryo. 


Black stellate chromatophores have appeared on the ventral side of 
the anterior region of the embryo. 


Newly Hatched Larva——On the fourth day most of the larve had 
hatched out from the eggs but were inside the capsules where they performed 
lashing movements with their tails, there being hardly sufficient space for 
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the larve to move about. The newly hatched larve measure 1-2 mm. in 
length and the yolk mass is fairly large and oval in shape (Fig. 37). The 
myotomes are not sufficiently clear in the newly hatched larve for the 
determination of their number. 





Fic. 37. Newly hatched larva, x 70. 


Pigmentation is restricted to the ventral side of the embryo, the dorsal 
side of the yolk mass and the posterior end of the alimentary tract. Numerous 
black stellate chromatophores are present in these regions and to the naked 
eye, this pigmented portion of the larva appears as a short black line in 
contrast with the other transparent portions. Similar chromatophores 
one or two in number may be present on the surface of the yolk mass. The 
eyes are also pigmented uniformly with many small black chromatophores _ 
having a few short branches. The larve in the capsules along the cut ends 
of the spawn mass had managed to escape from the jelly and were observed 
to float sideways on the surface of the water. 


One-Day Old Larva.—Most of the one-day old larve had escaped from 
the jelly of the spawn mass owing to the disintegration of the latter. The 
liberated larve were quite active in their movements swimming vertically 
up and down the water in the aquarium. The larve measure now 1-35 mm. 
in length. The yolk has diminished considerably in size (Fig. 38). Though 
the myotomes are not clear, about twenty-one of them could be made out 
with some difficulty with the anal opening below the seventh myotome. The 
muscle fibres of the myotomes have the crossed arrangement as in the 
clupeoid larve. Faint indications of the caudal fin rays have begun to 
appear in the one-day old larva. 


The pigmentation present in the previous stage is somewhat intensified 
in this stage and no other region of the larve acquires pigment cells, 
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Two-Day Old Larva.—In the two-day old larve no appreciable changes 
have taken place. The larve have clongated and measure now 1-45 mm. 
in length. The yolk mass has further diminished in size (Fig. 39). The 
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Fic. 38. One-day old larva, x 70. Fic. 39. Two-day old larva, x 70. Fic. 40. 
Three-day old larva, x 70. 


segmented nature of the yolk is lost in this stage only and the yolk mass 
presents 2 granular appearance. The rudiment of the pectoral fin has formed 
as a bud-like prominence above the yolk mass. The caudal fin rays are 
prominent in this stage. 


The original pigmentation remains unchanged but has become intense 
owing to the increased number and ramification of the stellate chromato- 
phores. The larve now frequent the bottom of the aquarium where they 
swim about actively, 
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Three-Day Old Larva.—I\n the,three-day old larve, there is no increase 
in length. The granular yolk has decreased still further (Fig. 40). The 
mouth has formed. The pectoral fins have increased in size. The caudal 
fin rays are very prominent. The pigmented region of the alimentary canal 
and the eyes of the larve appear jet black due to the intense accumulation 
of black stellate chromatophores. The larve were almost inactive in this 
stage resting at the bottom of the aquarium and thereby falling easy victims 
to the attacks of the numerous ciliates present in the sea water. Even 
though the greatest care was taken to keep the larve in a healthy living 
condition, most of them were in a dead or dying condition on the eighth 
day and, therefore, further development of the larve could not be studied. 


Marine fishes in general liberate eggs which float independently on the 
surface of the sea. The extreme rarity of occurrence of spawn masses is 
shown by the fact that Ehrenbaum (1909) describes only the eggs of Lophius 
piscatorius as forming a mass in the large collection of fish eggs and larve 
examined by him from the plankton of the North Sea. In Lophius pisca- 
torius each capsule encloses only a single egg having a single oil globule in 
the clear unsegmented yolk and as such the present spawn mass cannot 
be considered as coming under Pediculati. | Taking into consideration 
the characters of the other eggs whose identity is known, only the eggs 
of carangoids, clupeoids and apodes are known to have segmented 
yolk, and in the other groups of fishes the segmentation of yolk is rare 
(Delsman, 1926). The apodan eggs are easily distinguishable by their 
characteristic features. The identification, therefore, rests between the 
clupeoid and the carangoid eggs and since the eggs show some features 
characteristic of both the families it is very difficult to determine the spawn 
mass more definitely. The nature of the segmentation of the yolk and the 
crossed arrangement of the muscle fibres of the larve are characters which 
greatly favour the inclusion of the eggs under the clupeoid group. On the 
other hand the general pigmentation, the small myotome number and the 
short nature of the alimentary tract are characters which point to the 
carangoid group, although the single oil globule characteristic of the 
carangoid group is absent here. There is also the possibility that the spawn 
mass may belong to an entirely different family whose eggs are still unknown 
to Science. 


GENERAL REMARKS 


The periodicity of breeding of marine animals of the tropics has engaged 
the attention of scientists in recent years. Semper (1881) made the sugges- 
tion that in the tropics where the temperature variation is comparatively 
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negligible there is apparently no periodicity in the breeding of marine ani- 
mals especially of the Invertebrates. Orton (1920) correlated breeding in 
marine animals with temperature and concluded that where temperature 
conditions do not vary much, marine animals breed continuously. Some 
authors consider that the reproductive activity is dependent on salinity condi- 
tions rather than temperature. Malpas (1929) has shown that Margaritifera 
vulgaris breeds only during two periods in a year coinciding with the two 
monsoons and suggests that the stimulation for the maximum spawning 
is given by changes in salinity. Panikkar and Aiyar (1939) also have come 
to the conclusion that many species of fishes breed actively during the 
monsoon. They found that the outbreak of the rains and the changes in 
the environment probably caused by the rains act as a definite stimulus to 
spawning even in species which are continuous breeders. It is clear from 
this study that the breeding of marine fishes of this Coast is intense during 
the cold season immediately succeeding the outbreak of the monsoon in 
September or October as shown conclusively by the presence of fish eggs 
and larve in enormous numbers during this time. However, the numerical 
intensity of the fish eggs is reached only at the height of the cold season in 
December and January when intense reproductive activity is exhibited by 
almost all the marine fishes of this Coast. Fish eggs are extremely rare 
during the other parts of the year indicating that the fishes do not normally 
spawn during the other seasons. 


Based on this study, it is presumed that most of the marine fishes of 
the Madras Coast spawn at a definite time of the day, either late in the even- 
ing or early in the morning. Unlike in temperate countries, the embryonic 
development has been observed to be rapid and hatching usually takes place 
in about a day’s time. The larve hatch out in a very immature condition 
and they float helplessly owing to the buoyancy of the oil globules and the 
yolk till their development is completed and they become dependent on the 
environmental food. Exceptions are, however, found in some eggs the 
embryonic development of which is very slow and takes about three to four 
days for the liberation of the larve. These eggs are provided with additional 
protection in the form of a network of ridges on the egg membrane which 
greatly enhances its strength. The larve are hatched out from these eggs 
in a very advanced stage enabling them to lead an independent existence. 


Lastly a word may be said of the possible use of the observed occur- 
rence of pelagic fish eggs for such fishery purposes as locating shoals of fishes 
and their breeding places. Generally fishes spawn during a definite time 
of the day and the pelagic nature and rapid development of the eggs of 
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marine fishes in the tropics make it possible to use their occurrence as an 
indication of the presence of the adult fishes in the vicinity and also for 
detecting their important spawning grounds. 
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SOIL CONDITIONS AND ROOT DISEASES 


III. With Special Reference to Colonisation and Survival of 
Soil Fusaria in Soils Treated with Micro-Elements * 


By (Miss) C. B. SULOCHANA 
(University Botany Laboratory, Madras) 


Reccived December 3, 1951 
(Communicated by Prof. T. S. Sadasivan, F.A.8c.) 


INTRODUCTION 


Fusarium vasinfectum is a primary and dominant coloniser on buried 
root of cotton in natural soil, but yet is unable to grow freely in unsterilized 
soil due to antagonistic micro-organisms, particularly bacteria (Subramanian, 
1946, 1950). Zachariah (1949) further indicated that Fusarium vasinfectum 
is present in cotton growing soils all the year round and that this fungus 
survived in artificially infected stubbles well over one year in natural soil. 
These findings coupled with an earlier observation by Millikan (1938, 1942) in 
Australian soils, where he found considerable improvement in foot-rot of 
wheat caused by Fusarium culmorum and other fungi by addition of zinc 
sulphate to soils, led Sarojini (1951) to investigate the importance of micro- 
element amendments to Indian soils where Fusarium udum disease on 
Cajanus cajan appeared to persist in many parts. The bulk of investigations 
on Indian soil Fusaria and their response to micro-element amendment has 
recently been reviewed by Sadasivan (1951). The present investigation 
mainly deals with the saprophytic activity of soil Fusaria in the presence of 
micro-element amendments. 


MATERIALS AND METHODS 


Black cotton soil collected from wilt-infected fields in Udamalpet, 
Southern India, was used in paraffin coated 4” earthernware pots. Al, B, 
Co, Li, Mn, MO, NI and Zn were added in the form of Al, (SO,),:6 H,O, 
H;BO,, Co,Cl,, LigSO,, Mn SO,°4 H,O, (NH,),* Mo,-O,,°4H,O, Ni SO, and 
ZnSO,. 7H,O (‘ Anala R’ grade) respectively, dissolved in double distilled 
water from a Pyrex still, at 20, 40, 80,100, 150, 200 and 400 p.p.m concentra- 
tions in relation to the dry weight of the soil taken. Details of study of the 
buried stubble and its fungus flora were as enumerated by Sarojini (1950). 


* Part of a thesis approved for the Degree of Master of Science of the Madras 
University. 
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EXPERIMENTAL RESULTS 


The results are presented graphically on percentage basis in Text-Fig. 1. 


CONCENTRATIONS IN PRM CONCENTRATIONS IN PPM 
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INCUBATION PERIOD INCUBATION PERIOD 
Text-Fic. 1. Showing percentage colonisation of Fusaria and survival of Fusarium 
vasinfectum in micro-element amended soils. Intact lines represent colonisation and broker 
lines represent survival. 


a, b, c, d, and e represent 1, 4,10, 16 and 24 weeks’ incubation for colonisation and 
2, 4, 6, 8 and 12 months’ incubation for survival respectively. 


A. Colonisation 


In the control series Fusaria were found to be the dominant colonisers 
on buried cotton stubbles. The percentage colonisation was 100 even after 








An 


Ni 


Li 


arium 
roker. 


1 and 


lisers 
after 











Soil Conditions and Root Diseases 211 


a minimum period of incubation of one week and remained constant through- 
out the period of observation. 


All micro-elements used showed pronounced influence on Fusarium 
colonisation. The effect varied with micro-elements, concentrations and 
periods of incubation. The depressing effect on colonisation was found to 
be directly proportional to the interacting factors of concentrations and 
incubation periods. 


At 20 p.p.m., Mo, Zn, Mn and Ni showed high percentage colonisation, 
whereas Al, B, Co and Li recorded 60 to 70% colonisation initially but after 
10 weeks’ incubation 100% colonisation was recorded for Co and B, 16 weeks 
for Li and 24 weeks for Al. 


At 40 p.p.m. and higher concentrations, a gradational decrease in the 
values recorded was observed depending upon the influence of all the three 
interacting factors, Mo and Mn showing least inhibitory effect at 40 p.p.m. 
level. 


Based on the results obtained, the micro-elements were grouped as 
follows: Mn, MO, Zn, Ni, Co, Li, B and Al. In the case of Zn particu- 
larly, the interaction of incubation period was of greater significance than 
that of concentrations which also exhibited pronounced influence. 


Complete suppression of Fusarium colonisation was observed at the 
higher concentrations of Zn, Co, Al and B at advanced incubation periods. 


B. Survival 


Fusarium vasinfectum in the unamended control soil recorded 100% 
survival throughout the experiment. 


Co, Ni and Mo treatments at 20, 40 and 80}p.p.m. levels also showed 
100% survival of Fusarium vasinfectum up to 12 months. Higher concentra- 
tions of these micro-elements viz., 100, 150 and 200 p.p.m. showed high 
percentage survival even up to 12 months’ incubation. 


Al, Li, B, Mn and Zn exhibited a general similarity in their effects on 
the viability of Fusarium vasinfectum in the infected root pieces, although 
there was appreciable difference in the behaviour of the pathogen with 
reference to each treatment series and the percentage survival appeared 
proportional to the interacting factors of concentrations and incubation 
periods. 

Higher concentrations of Al indicated complete loss of viability of the 


fungus at the end of 12 months. In the case of B, Mn and Zn, the per- 
centage survival observed after twelve months’ incubation was low at the 
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various concentrations. Zn, however, was the most effective in hastening 
the disappearance of the pathogen. At all concentrations starting at 80 and 
rising upto 400 p.p.m., after 6 months’ incubation, Fusarium vasinfectum 
was not viable. 


Periodic re-isolations from buried cotton stubbles indicated the pre- 
sence of the original culture used for colonisation. 


The data presented here demonstrate the unlimited saprophytic poten- 
tialities of Fusarium vasinfectum in the unamended control soil and in the 
presence of Co, Ni and also in the lower concentrations. of Mo. 


DISCUSSION 


This study indicates that elimination of (a) colonisation of Fusarium 
on healthy stubbles and (6) survival from laboratory colonised stubbles, 
both buried in identical infected soils, by certain micro-element amendments 
is governed by (i) the nature of the micro-element, (ii) the interaction of 
concentrations cf micro-elements and (iti) periods of incubation, as well 
as the interaction of all the three factors. The elimination of the pathogen 
was hastened markedly over the control in the case of Al, Li, B, Mn and Zn 
treatments, the last mentioned element being the most efficient. The signi- 
ficance of this aspect of micro-element study should be considered from the 
view-point of the possibility of checking the saprephytic activity of Fusarium 
spp., and other facultative fungal parasites in soil. 


SUMMARY 


A study has been made on the effects of micro-element amendments 
on the saprophytic habits of Fusaria. 


In all the series of micro-element amendments, the extent and progress 
of colonisation by species of Fusarium were observed to be markedly dimi- 
nished, whereas in the unamended control there was 100% colonisation. 


The loss of viability of Fusarium vasinfectum from infected cotton stubbles 
buried in micro-element amended soils was observed to be hastened consi- 
derably over the control especially in the case of Al, Li, B, Mn and Zn, Zn 
being the most efficient. 
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THE action of adrenaline on unstriated muscle is well known. Its action 
may be stimulatory or inhibitory. But it is not known why its action is 
twofold. In the present research an attempt has been made to elucidate 
these actions of adrenaline by studying their effect on the responses of frog’s 
unstriated muscle to electrical stimulation. The action of adrenaline has 
been studied by recording its effect on tone or spontaneous contractions. 
There is very little on record to show its effect on the response of unstriated 
muscle to electrical stimulation. These responses of unstriated muscle 
correspond to the twitch contractions of striated muscle on which the effect 
of adrenaline is well known. Singh (1938 a, 1939, 1940) found that small 
concentrations of adrenaline increased the excitability of the muscle to 
electrical stimulation and decreased it in large concentrations. 


Frog’s stomach muscle was used. It was stimulated with alternating 
current, 12 volts, once a minute for 10 seconds. The inhibitory effect of 
adrenaline, 1 in 100,000 was tested. 


RESULTS 


Adrenaline may either produce contraction or relaxation of unstriated 
muscle; it produces contraction or relaxation if the muscle is in lactic tone, 
and.contraction or no effect if in alactic tone. Sometimes the inhibitory 
action of adrenaline is preceded by a contraction (Fig. 1). This figure gives 
a clue to the action of adrenaline, showing that adrenaline inhibition is really 
an adaptation (Singh, 1945). Substances which diminish adaptation, cause 
the production of this initial contraction, for example if the chloride of the 
saline is replaced with thiocyanate (Singh, 1938 b), or by reduction of tempe- 
rature (Rao and Singh, 1940). It is, therefore, expected, that the inhibitory 
action of adrenaline will be converted into a stimulatory one by substances 
that diminish adaptation. This is well shown by the results described 
below. 


Effect of cyanide—Cyanide or asphyxia diminishes adaptation to 
electrical stimulation (Singh, 1938 5, 1949) and it converts the inhibitory 


214 














ng 
of 


ted 
ne, 
ory 
ives 
ally 
use 
the 
npe- 
tory 
inces 
ribed 


n to 
itory 














Tie Mode of Action of Adrenaline on Unstriated Muscle 215 
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Adrenal. 





Fic. !. trog’s stomach muscle. Contraction and inhibition produced by adrenaline 
(1 in 109,000). 


effect of adrenaline into a stimulatory one (Fig. 2). Starkenstein (1941) 
found that asphyxia has similar action on excised intestines. This therefore 
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Fic. 2. Frog’s stomach muscle. Effect of cyanide on the inhibitory action of adrena- 
line (1 in 100,000) on the responses of the muscle to alternating current. N, is normal 
curve, M, 1 in million sodium cyanide ; 10 M, 1 in 10 million, 100 T, 1 in 100 000. 








suggests that energy is required for the inhibitory action of adrenaline, just 
as it is required for the inhibitory effect of electrical current (Singh, 1949), 
Glucose, therefore, ought to increase the inhibitory action of adrenaline 
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as it does with similar action of electrical current. In these experiments, 
however, glucose was found to have a stimulatory action or decreased the 
inhibitory action, the action cf glucose being antagonised by iodoacetic 
acid (Fig. 3). 





Fic. 3. Frog’s stomach muscle: Effect of glucose and iodoacetie acid on the inhibitory 
action of adrenaline (1 in 100,000) on the responses of the muscle to alternating current. A, 
Normal response. B, Effect of 0-1 p.c. glucose. C, Effect of iodoacetic acid, 1 in 10,000. 
Adrenaline added at arrows. 


Small concentrations of cyanide may increase the inhibitory action of 
adrenaline. This is akin to the asphyxial increase of excitability for con- 
traction. 


Effect of ions—Ions have twofold action; stimulating ions decrease 
the inhibitory action of adrenaline, and eventually convert its inhibitory 
action into a stimulatory one. These ions also diminish adaptation. They 
are, bromide, nitrate, iodide, thiocyanate, barium, lithium, sodium and 
potassium (Fig. 4). The effect of sodium chloride was determined by 
partially replacing it in the saline by sucrose. The effect of ions increases 
in this, order Cl > Br>NO,>1>SCN>CN. Ions which produce 
inhibition or increase adaptation, have the opposite action. These are 
hydrogen ions, ammonium, magnesium, calcium and strontium. 


Effect of drugs.—Acetylcholine in small concentrations increases the 
inhibitory action of adrenaline (Fig. 5), but increases the rate of recovery. 
Eserine has a similar action (Fig. 6); by recovery the inhibitory effect may 
be converted into a stimulatory one. Pilocarpine has effects similar to those 
of acetylcholine. Ephedrine in small concentrations (1 in 10 million) 
potentiates and in larger concentrations (1 in 100,000) antagonises the effect 
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Fic. 4, Frog’s stomach muscle. Effect of sodium thiocyanate on the inhibitory effect 
of adrenaline (1 in 100,000) on the responses of the muscle to alternating current. N, is normal 
curve. 24, cufve obtained in saline in which 24 p.c. of the sodium chloride has been 
replaced with sodium thiocyanate, etc. 
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Fic. 5. Frog’s stomach muscle. Effect of acetylcholinc on the inhibitory action of 
adrenaline (1 in 100,000) on the responses of the muscle to alternating current. N, is normal 
curve ; M, in acetylcholine, 1 in million; 10M, 1 in 10 million ; 100 T, 1 in 100,000, 
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Fic. 6. Frog’s stomach muscle. Effect of eserine on the inhibitory action of adrenaline 
(1 in 100,000) on the responses of the muscle to alternating current. N, normal curve. M, 
curve in eserine sulphate 1 in million, 10M, 1 in 10 million; 100T, 1 in 100,000. 
of adrenaline. Nicotine has similar action as that produced by stimulating 
ions. 


Increase in osmotic pressure of the saline up to twice normal increases 
the inhibitory effect of adrenaline. A slight decrease of osmotic pressure 
(20 p.c.) has the opposite action but a large decrease (40 p.c.) again increases 
the inhibitory effect of adrenaline. 


Action of fatigue.—With repeated use, the inhibitory action of adrenaline 
may at first increase (beneficial effect of inhibition, Singh, 1942) and then 
decrease (fatigue), or the inhibitory action of adrenaline may decrease from 
the outset, the beneficial effect of inhibition being absent (Fig. 7). 


Action of tonus.—As mentioned in previous papers there are two kinds 
of tonus in unstriated muscle (Singh, 1949; Singh and Singh, 1950). One 
is sensitive to adrenaline, and the other insensitive; the former is identical 
with lactic tone and the latter with alactic tone. When the muscle is in 
alactic tone, adrenaline may cause contraction. The amount of relaxation 
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Fic. 7. Frog's stomach muscle. Inhibitory action of adrenaline (1 in 100,000) reversed 
on repetition. 
by adrenaline (1 in 107-10°) may be used to judge the proportion of lactic 
and alactic tones in unstriated muscle, which is ordinarily inhibited by 
adrenaline. In dog’s stomach muscle from the pyloric end, adrenaline 
may cause contraction, which does not subside on withdrawal of the drug 
such as is produced by acetylcholine (Singh and Singh, 1947). The pH of 
the saline should be 8, buffered with borate or bicarbonate and temperature 
about 25°C. to 37°C. 
DISCUSSION 


In considering the inhibitory and excitatory action of adrenaline it has 
to be taken into consideration that unstriated muscle is a complex structure 
and unless its variables are kept in mind, the results are likely to be con- 
flicting. The two chief variables in unstriated muscle are (a) the excitatory 
mechanism, (5) the contractile mechanism. Not only the excitatory, but 
the contractile mechanism also is likely to vary in its properties, its most 
important variation being its inability to relax. Unstriated muscle shows 
two kinds of tone. One of these is susceptible to asphyxia (lactic tone) and 
the other resistant (alactic tone). If the muscle is in alactic tone, then the 
contractile mechanism is unable to relax, with the result that inhibitory sub- 
stances such as adrenaline, would not be able to produce relaxation. The 
excitatory system appears to be normal as contraction by excitatory sub- 
stances can be produced. Inhibition in unstriated muscle is also of two 
kinds, one active and the other passive. Active inhibition can be abolished 
by poisoning with cyanide, when only passive inhibition remains. There 
are other variables such as twitch and tone, Twitch is antagonistic to 
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lactic tone but not to alactic tone, so that twitch may be affected indirectly 
by charges in lactic tone. 


The various factors which affect and cause reversal of the action of 
adrenaline may now be summarised. These have been previously men- 
tioned in several papers (Singh, 1942, 1943, 1944 a, b, 1945, 1949; Singh 
and Singh, 1947, 1949 a, b, c, 1950). 


The first of these factors is metabolism. Thus the inhibitory action 
of adrenaline may diminish in an asphyxiated or cyanide treated muscle. 
This shows that energy is required for inhibition and so glucose would 
increase the inhibition (Singh, 1949). Fatigue has been shown to cause 
reversal of the effect of adrenaline. Now, fatigue is of two kinds (Singh 
and Singh, 1949 a). One is due to exhaustion of energy stores and the other 
to the development of an opposite state or accommodation. In the case of 
inhibition, fatigue will be due to the development of an excitatory state, 
and as excitatory substances have been shown to convert the inhibitory 
action of adrenaline into an excitatory one, this explains the fatigue reversal. 
Glucose by increasing the excitatory state will also decrease or convert the 
inhibitory action of adrenaline into an excitatory one. This explains the 
dual action of glucose. Glucose increases inhibition of it aids the inhi- 
bitory ions; it decreases inhibition if it aids the excitatory ions. For the 
same reason glucose may increase or decrease accommodation to excitation. 
That metabolism plays a part is shown by the increase of inhibition with 
temperature, up to about 30°C. Thereafter the inhibition decreases owing 
to the increase in the action of excitatory ions causing tone. Excitation 
and inhibition, or contraction and relaxation are subserved by different meta- 
bolic mechanisms respectively, and the action of glucose and cyanide would 
depend upon the particular metabolic mechanism involved. 


The second important factor affecting the action of adrenaline is sensiti- 
sation. The mechanism of this sensitisation appears to be the entrance of ions 
into the muscle fibres. The entrance of sodium into nerve during excitation 
is an established fact. Hodgkin and Katz (1949) have stressed its importance 
in the reversal of action potential. The entrance of ions from the saline 
into the muscle fibres appears to play a very important part in determining 
the type of response by unstriated muscle and drug reversals (Singh, 1944 a) 
The evidence for this is both chemical] and physiological. Chemical analyses 
have shown that Mytilus unstriated muscle gains sodium during stimulation 
(Singh, 1939a). The same muscle gains ions from the saline in the absence 
of calcium (Singh, 1938, 1939.a, 19446). The gain of ions by the muscle 
js increased by blotting, 
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Physiological evidence for the entrance of ions into the muscle fibres 
during stimulation is as follows. If Mytilus muscle is immersed in saline 
containing barium ions, it passes into a tonic contraction. At other times, 
especially in summer, the muscle may remain quiscent without any apparent 
effect. Barium ions are present in the saline in both instances, and yet the 
muscle remains quiscent in one instance and contracts in the other. The 
quiscent muscle can be made to produce a typical barium contraction by 
certain diverse procedures. These are (a) Passage of electric current for 
a short period which may be insufficient to cause a contraction or produce 
only a twitch, (b) Sudden heating or cooling, (c) Sudden stretch or release, 
(d) Stroking the surface with a hair brush or blotting paper, or vigorous 
aeration with air or an indifferent gas such as nitrogen, (e) Removal of 
calcium, (f) Addition of drugs such as adrenaline, acetylcholine, caffeine. 
These drugs, by themselves, may or may not produce a contraction. 


The above factors appear to be unrelated, but there must be some common 
effect produced by them. The removal of calcium suggests increase in permea- 
bility and entrance of barium into the muscle. As mentioned above this 
is supported by chemical analyses. Blotting also, as shown by chemical 
analyses, increases the gain of ions by the muscle. Two conclusions follow 
from the above experiments (a) The common factor among the above 
agencies is that they produce excitation, and during such excitation, ions 
enter the muscle fibres from the saline. (6) To produce excitation ions must 
enter the muscle fibres. This latter conclusion is also supported by chemical 
and physiological experiments. The stimulating power cf many ions is 
proportional to their ability to enter the muscle (Singh, 1938, 1939 a). The 
above agrument regarding barium, applies to other ions in the saline, such 
as sodium and potassium. The cessation of excitation would be followed 
by extrusion of these ions by the muscle fibres. 


It appears that not only excitatory, but inhibitory ions may also enter 
the muscle fibres and produce inhibition. Thus the action of sodium chloride 
in frog muscle is inhibitory, and removal of calcium produces relaxation 
instead of contraction. Similarly, adrenaline may produce excitation, if 
there are excess of excitatory ions in the saline, and inhibition if there are 
excess of inhibitory ions, such as hydrogen ions. This appears to be one 
cause of drug reversal. 


The above sensitisation explains the action of many substances, such 
as calcium, hydrogen, sodium and other ions in causing reversal. During 
the action of adrenaline, the sensitisation will enable the excitatory ions in 
the saline to antagonise the inhibitory effect of a substance and increase the 
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excitatory effect; inhibitory ions will increase the inhibitory effect and 
decrease the excitatory effect. In the saline therefore there must be excitatory 
and inhibitory ions to account for the action of drugs (Singh, 1942). Sodium 
ions are presumably inhibitory and chloride ions excitatory. Adrenaline 
does not produce inhibition in the absence of sodium chloride; sodium ions 
are presumably responsible for inhibition and chloride ions, for excitation 
by adrenaline. 


The third important factor in determining the action of adrenaline is 
excitability. Small concentrations of adrenaline which do not produce 
contraction, produce relaxation; this is found with all kinds of stimulation. 
Hence, as the excitability decreases, higher and higher concentration of the 
drug produces inhibition. This action of adrenaline is due to adaptation. 
Every excitatory stimulus is accompanied by an inhibitory state, so that if 
the excitatory state diminishes or is antagonised, the inhibitory state pro- 
duces inhibition. Thus small concentrations will produce inhibition, and 
substances that decrease the excitability will also convert the excitatory into 
inhibitory action. In an inexcitable muscle, adrenaline would produce 
inhibition; it must be remembered that the muscle may be inexcitable to 
a particular substance and not to others. Substances that antagonise the 
inhibitory state and these are excitatory ions, would thus convert the inhi- 
bitory action of adrenaline into an excitatory one. Substances that increase 
accommodation to the inhibitory state would also cause reversal of the action 
of adrenaline (accommodation to accommodation or adaptation to adapta- 
tion, Singh, 1944 a). 


It is known that small concentrations of adrenaline produce fall of 
blood pressure. After ergotoxine and dibenzamine, adrenaline produces fall 
of blood pressure. Weak stimulation of a mixed nerve causes vasodilata- 
tion, strong stimulus causing vasoconstriction. 


It is interesting to note that adrenaline would cause stimulation by two 
methods; first, by direct stimulatory action, and secondly, indirectly by 
accommodation to accommodation or inhibition. Thus eserine which 
increases accommodation into the inhibitory action of adrenaline, converts its 
inhibitory action into an excitatory one. As inhibition is due to accommo- 
dation to excitation, all responses begin as excitation. If this excitation is 
masked by accommodation, then inhibition only would be produced and if 
this accommodation is further masked by subsequent accommodation, then 
only contraction would occur. The process of accommodation to excita- 
tion, and then subsequent accommodation to accommodation if repeated, 
will produce rhythmic stimulation. 
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Increase in initial length of the muscle would change the inhibitory 
action of adrenaline into an excitatory one as it increases the action of 
excitatory ions (Singh and Singh, 1950). 


The loss of the inhibitory action of adrenaline during alactic tone is 
due to interference with active relaxation. Low temperatures also produce 
such an effect. The effect of lactic tone is to convert the excitatory action 
of a substance into an inhibitory one causing contraction of a relaxed muscle 
and relaxation of a contracted one. This acts by two methods: first, 
increase of tone decreases excitability; secondly, it is accompanied by 
increase in the latent-inhibitory state due to accommodation insufficient to 
cause relaxation. This latent inhibitory state sums up with the inhibitory 
action of the substance and thus causes relaxation. That increase in tonus 
increases the latent inhibitory state is shown by the fact that moderate 
increase in tonus increases inhibition; greater increase in tonus decreases 
inhibition owing to its direct antagonistic action (Singh, 1942). 


Lastly, the action of ions inside the muscle fibres is antagonistic to that 
outside, hence increase in osmotic pressure of the saline converts the inhi- 
bitory action of adrenaline into an excitatory one (Singh, 1945), but if it 
antagonises the excitatory ions outside, the inhibitory action of adrenaline 
would increase; this explains the opposite effects of change in osmotic 
pressure of the saline. 

SUMMARY 


1. The inhibition produced by adrenaline in unstriated muscle may be 
preceded by a contraction. This shows that inhibition by adrenaline is due 
to adaptation to excitation. 


2. Substances that decrease adaptation to excitation, convert the 
inhibitory effect of adrenaline into a stimulatory one; these are cyanide, 
thiocyanate, bromide, nitrate, iodide, barium, lithium, sodium and potassium. 


3. Substances that increase adaptation to inhibition, convert its inhi- 
bitory effect into a stimulatory one; this is produced by eserine. 


4. ‘Substances that cause stimulation, convert the aaaeateny effect of 
adrenaline into a stimulatory one. 


5. Substances that cause inhibition, or increase adaptation to excita- 
tion, increase the inhibitory of adrenaline. These are hydrogen ions, ammo- 


' nium, magnesium, calcium and strontium. 


6. Glucose decreases the inhibitory effect of adrenaline, and may 
convert its inhibitory effect into a stimulatory one. lIodoacetic acid has 
the opposite action. 
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7. Acetylcholine, eserine, pilocarpine in small concentrations increase 
the inhibitory action of adrenaline. 


8. Ephedrine in small concentrations, potentiates the inhibitory effect 
of adrenaline. In large concentrations it may antagonise it. 


9. Nicotine acts like other stimulatory substances. 


10. Increase in osmotic pressure of the saline to twice normal increases 
the inhibitory effect of adrenaline. Decrease of osmotic pressure by about 


20 p.c. has opposite action, but further decrease, increases the inhibitory 
effect of adrenaline. 


11. Fatigue may convert the inhibitory action of adrenaline into 
excitatory one. 


12. Alactic tone abolishes the inhibitory action of adrenaline; lactic 
tone converts the excitatory action into inhibitory one. 
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